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Description 

[0001] The present invention relates to a process of producing hydroxyalkanal by hydrating an unsaturated aldehyde 
with a solution In the presence of a catalyst. 
s [0O02J In conventional processes, an unsaturated aldehyde, namely, acrolein, Is hydrated with a solution in the pres- 
ence of a catalyst to obtain hydroxyalkanal, namely, 3-hydroxypropanal(3-hydroxyproplonaldehyde), which will be ex- 
plained In the following paragraphs. 

[0003] U.S, Patent No. 2,434,110 discloses a process, in which □ mineral acid, such as a sulfuric acid, Is used as a 
homogeneous acid catalyst for the above reaction step. However, 3-hydroxypropanal retains low selectivity in this 
10 process, and thus is not produced efflciendy. In addition, neither 3-hydroxypropanal Is readily separated from the ho- 
mogeneous catalyst, nor the catalyst can be re-used easily. 

[0004] To eliminate auch a drawback, processes for Improving the selectivity of 3-hydroxypropanal are proposed In 
the undermentioned publications. U.S. Patent No. 3,536,763 discloses a process, in which an acid ion exchange resin 
Is used as an heterogeneous add catalyst for the above reaction step, U.S. Patent No. 5,01 5,789 and U.S. Patent No. 

15 5,171,895 disclose processes, In which an Ion exchange resin containing a phosphonate group, an amino group, or 
an amhophosphate group Is ussd as a heterogeneous acid catalyst for the above reaction step. U.S. Patent No. 
5,093,537 discloses a process, in which alumina bonding zeolite Is used as a heterogeneous acid catalyst for the above 
reaction step. U.S. Patent No. 5,276,201 discloses a process, In which Tl0 2 carrying a phosphoric acid is Used as a 
heterogenous acid catalyst for the above reaction step, Also, U.S. Patent No, 5,284,979 discloses a process, in which 

20 the above reaction step is performed using a buffer solution containing a carboxyllc add and tertiary amine In the 
presence of an acid catalyst, 

[0005] if a resulting solution of the raw material, acrolein, has low density (i.e.. lower than 20 percent by weight), 
3-hydroxypropanal retains satisfactory selectivity, thereby making it possible to obtain 3-hydroxypropanal at high se- 
lectivity by the above processes. 

25 [0006] However, the inventors of the present Invention found that when an industrially advantageous high-density 
acrolein solution (I.e., 20 or more percent by weight) is used for the reaction In each of the above processes, a reaction 
product, 3-hydroxypropanai. triggers an active consecutive reaction (side reaction) because It has an aldehyde group. 
In other words, the abovo processes have a drawback that the selectivity from acrolein to 3-hydroxypropanal, and 
hence the selectivity of 3-hydroxypropanal Is reduced as the density of the solution Increases. 

30 [0007] In addition, the heterogeneous add catalysis used In the above conventional processes have poor resistance 
to heat Thus, If a reaction temperature is raised (over 65°C) to accelerate the hydration reaction, the heterogeneous 
acid catalysts are deactivated, thereby reducing the selectivity of 3-hydroxypropanaL Further, although the reason why 
Is not apparent, the metal-carrying heterogeneous acid catalysts used in the above conventional processes retain a 
low reaction rate in hydration, thereby reducing an Industrially advantageous short-time conversion of acrolein. 

36 [0008] Therefore, thesB processes are not industrially satisfactory, because not only tha conversion of acrolein Is 
low, but also the reaction rate can not be increased by heating, besides the yield of 3-hydroxypropanal can not be 
improved by increasing the density of acrolein solution. 

[0009] It Is therefore an object of the present Invention to provide a process of producing hydroxyalkanal capable of 
(1) increasing a reaction rate by heating while Improving an Industrially advantageous short-time conversion of an 
40 unsaturated aldehyde with the use of a heat-resistant catalyst, and (2) producing hydroxyalkanal at high yield and 
selectivity out of an Industrially advantageous high-density unsaturated aldehyde solution. 

[0010] To fulfil the above object, the inventors of the present invention performed experiments of processes for pro- 
ducing hydroxyalkanal by hydrating an unsaturated aldehyde with a solution in the presence of a catalyst, and found 
that the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal were improved 

4S when the catalyst was a carboxyllc-acld-based resin having a substitutional group of a specific structure, and/or a 
carboxylic-acld-based resin made of a copolymer of an unsaturated monomer (A) containing a carboxyl group with an 
unsaturated monomer (B) containing an amide group or both amide and amino groups. It was also acknowledged that 
tha carboxyllc-acid-basad resin serving as the catalyst retained excellent heat resistance and the reaction temperature 
could be raised, thereby making It possible to increase the reaction rata by heating. In other words, the gist of the 

50 present Invention Is to use a heat-resistant carboxylioacid-based resin as a catalyst, and the effects are that (1) the 
reaction rate can be raised by heating, and (2) hydroxyalkanal can be produced at high selectivity and yield out of an 
Industrially advantageous high-density unsaturated aldehyde solution, 

[0011] The Inventors of the present Invention also found that the reaction rate of the hydration was increased and 
the selectivity from an unsaturated aldehyde to hydroxyalkanal and the yield of hydroxyalkanal were also improved 
ss when the catalyst was a metal-carrying ion exchange resin. In other words, the gist of the present invention is lo use 
a metal-carrying Ion exchange resin as a catalyst, and the effects are that (1) an industrially advantageous short-time 
conversion of an unsaturated aldehyde is improved, and (2) hydroxyalkanal can be produced at high selectivity and 
yield out of an industrially advantageous high-density unsaturated aldehyde solution- 
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[0012] To fulfill the above object, a process of producing hydroxyalkanal in accordance with the present invention is 
characterized by comprising a step of hydratjng an unsaturated aldehyde expressed by Formula (I) below with a solution 
in the-presence of a carboxy||c-acid-based resin containing a substitutional group having at least one structure selected 
from a group consisting of structures expressed by Formulas (II), (111), (IV) below: 



R 

I 

H 3 C-CCHO ( I ) 



w 



where R represents □ hydrogen atom or hydrocarbon group having up to five carbons; 



15 



X- ( -CH^hj-C-N-C- ( -CH Z - ) al -Y : - ] al -R z ( II ) 

I! I 
C R 4 



where R ? and R 2 respectively represent a hydrogen atom, hydrocarbon group having up to five carbons, or -(• 
CH 2 -) p1 -X group, p v k v and m 1 respectively represent an Integer from zero to six, ^ represents an Integer from 
one to six, Y-| represents -o-, -S-, or -NR 3 -, R 3 represents a hydrogen atom or hydrocarbon group having up to 
five carbons, and X represents a carboxyllc-acld-based resin main body; 



•C - O 



(HI) 



30 



where R 4 and R s respectively represent a hydrogen atom or hydrocarbon group having up to five carbons, V? 
represents an Integer from zero to six. q 1 represents an integer from three to six, and X represents a carboxyllo 
acjd-based resin main body; 



.{-CH 2 -)^-N-C-R, 

I I 
R 6 0 



(IV) 



45 where R 6 represents a hydrogen atom, hydrocarbon group having up to five carbons, or -(-CH 2 -) P 2-X group. f>2 

represents an integer from zero to six, R 7 represents a hydrocarbon group having up to five carbons or -(-CH 2 j ) P 3- 
X group, p 3 and k 3 respectively represent an Integer from zero to six, and X represents a carboxylic-add-based 
resin main body. 



so [0013] According to the above process, not only a reaction rate can be Increased by heating, but also the consecutive 
reaction (side reaction) of the reaction product, namely, hydroxyalkanal, is curbed, thereby making It possible to produce 
hydroxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution, That Is to say, using 
a heat-resistant carboxyllc-acid-based reeln can Increase the reaction rate hy heating and trigger a reaction of an 
industrially advantageous high-density unsaturated aldehyde solution, thereby improving the yield of hydroxyalkanal. 

so [0014] To fulfill the above object, a process of producing hydroxyalkanal in accordance with the present Invention is 
characterized by comprising a step or hydrating an unsaturated aldehyde expressed by Formula (I) with a solution in 
the presence of a carboxylic acid based resin as described above but which is a metal-carrying ion exchange resin. 
[0015] According to the above process, not only a reaction rate can be Increased, but also the consecutive reaction 
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(side reaction) of the reaction product, namely, hydroxyalkanal, Is curbed, thereby making it possible to produce hy- 
droxyalkanal at high selectivity and yield out of a high-density unsaturated aldehyde solution. That is to say, using a 
metal-carrying ion exchange resin can improve an Industrially advantageous short-time conversion of an unsaturated 
aldehyde, and trigger a reaction of a high-density unsaturated aldehyde solution, thereby Improving the yield of hy- 
5 droxyalkanal. 

[0016] Other objects and advantages of the present invention will become apparent from the detailed description to 
follow taken in conjunction with the appended claims. 

[001 7] The raw material of the present Invention, namely, an unsaturated aldehyde (2-alkanal) expressed by Formula 

(I) mentioned above, is not especially limited. In Formula (I), howsver, a substitutional group represented by R Is a 
to hydrogen atom or hydrocarbon group having up to five carbons, and the hydrocarbon group referred herein is a methyl 

group, ethyl group, propyl group, butyl group, or amyl group. Examples of the unsaturated aldehyde are; acrolein, 
methacrolein, 2-formyl-1-butene, 2-fbrmyl-1-pentene, a-formyM-hexene^-formyM-heptene, and the like. Of all these 
examples, a preferable unsaturated aldehyde is acrolein, 

[0018] According to the process in accordance with the present Invention, either 2-hydroxyalkanaf or 3-hydroxyaJ- 
is kanal Is selectively obtained from these examples. More precisely, In case of acrolein whose substitutional group rep- 
resented by R in Formula (I) is a hydrogen atom, 3-hydroxyalkana|, namely, 3-hydroxypropanal (3-hydroxyprop|onal- 
dehyde) Is selectively obtained. In case of an unsaturated aldehyde whose substitutional group represented by R in 
Formula (]) is a hydrocarbon group, 2-hydroxyalkanal is selectively obtained. Note that 3-hydroxypropanal, obtained 
when acrolein Is used as the unsaturated aldehyde, Is an industrially Important raw material of 1,3-propanediol. 
20 [0019] The density of an unsaturated aldehyde solution (hereinafter referred to as the density) is, although It depends 
on unsaturated aldehyde's solubility to water, a reaction temperature, etc., preferably In a range between 5 percent by 
weight and saturation, more preferably in a range between 5 percent by weight and 50 percent by weight, further 
preferably in a range between 20 percent by weight and 50 percent by weight, and most preferably In a range between 
25 percent by weight and 40 percent by weight. The density lower than 5 percent by weight Is not preferable because 
25 the yield of hydroxyalkanal Is reduced. The density exceeding the saturation is not preferable either because an un- 
dissolved unsaturated aldehyde triggers a polymerization reaction or the like, and thus reduces the selectivity to hy- 
droxyalkanal. 

[0020] The catalyst used In the present Invention may be 

30 (1) a carboxylic-acid-based resin containing a substitutional group having at least one structure selected from a 

group consisting of structures represented by Formulas (II), (III), (|V) mentioned above; 

(2) a carboxyllc-acld-based resin as described In (1) above which is made of a copolymer of an unsaturated mon- 
omer (A) containing a carboxyl group with an unsaturated monomer (B) containing a amide group or both an amide 
and amino group ; or 

as (3) a carboxyllc acid based resin according to (1) or (2) abovB which is a metal-carrying ion exchange resin. 

[0021] In short, the catalyst used in the present invention Is (1) a carboxylfc-acid-based resin containing a substitu- 
tional group having at least one structure selected from a group consisting of structures expressed by Formulas (11) 
through (IV), (2) a carboxyllc-acid-based resin made of a copolymer of the unsaturated monomer (A) with the unsatu- 

40 rated monomer (B), or (3) a metal-carrying Ion exchange resin. One or more than one of these catalysts are used. 
Note that fn Formulas, X represents a carboxylic-acid-basBd resin main body, and a carboxyllc-acld-basad resin Is a 
polymer containing a number of free carboxyl groups. Also, a hydrocarbon group having up to five carbons referred in 
Formulas (II) through (tV) Is a methyl group, ethyl group, propyl group, butyl group, or amyl group. 
[0022] A carboxylic-acid-based resin containing an amide group (substitutional group) having a structure expressed 

4s by Formula (II), (III), or (IV) Is not especially limited. The carboxyttc-acjd-basBd resin main body may be a homopolymer 
of monomers (hereinafter referred to as comonomer for the explanation's convenience) containing a carboxyl group 
or a copolymer of a monomer containing a carboxyl group with another polymer which can copolymer^ with the 
aforementioned monomer containing a carboxyl group. 

[002$] The monomer containing a carboxyl group Includes, but is not limited to, a carboxylic acid, such as a (meta) 
so acryfic acid, a maleic acid, and a fumaric acid. One or more than one of these monomers are used as occasion demands. 
[0024] The comonomer may be, but fs not limited to, a monomer including an olefin group. Examples of the comon- 
omer are: estBr of the above-mentioned monomer containing a carboxyl group, styrBne, vinylpyridine. The comonomer 
may also contain a function group other than the carboxyl group, such as a phosphate group, a sulfonate group, 
hydroxyl group. One or more than one of these comonomers are used. 
55 [0025] Of all the carboxyllc-acld-based resins Including an amide group having a structure expressed by Formula 

(II) , a carboxylic-acid-based re3in whose bivalent substitutional group represented by includes either a nitrogen 
atom or sulfur atom is preferable, and the one whose Y 1 Includes a sulfur atom Is particularly preferable in terms of 
catalytic reactivity. Also, of alt the carboxyiic-acid-based resins including an amide group having a structure expressed 
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by Formula (III), a carboxyllc-acld-based resin having an amide group represented by q, whose cyclic unit is three Is 
preferable In terms of catalytic reactivity. 

[0026] A preferred carboxylic-acid-based resin (main body) is a (meta)acryllc-acid-based resin, and when the (meta) 
acrylic-acid-based resin Includes an amide group, a (rneta)acryllc acid -(m eta) acrylem ides copolymer and a (meta) 

5 acrylic add-vinylpyrolidones polymer are preferable. The (meta)acryllc acid-(mata)acrylamides copolymer Includes, 
but is not limited to, a (meta)acrylic acid-(meta)acrylamlde copolymer, a (meta)acryllc acld-N,N-dimethyl(meta)acryla- 
mide copolymer, a (meta)acryllc acid-N-lsopropyl(meta)acrylamide copolymer, a (meta)acrylic acid-N,N-dimethylami- 
nopropyl(meta)acrylamlde copolymer. The (meta)acryllc acld-vlnylpyrolidones polymer Includes, but is not limited to, 
an acrylic acid-N-vinylpyrolldones copolymer. 

10 [0027] The carboxylic-acid-based resin made of a copolymer of the unsaturated monomer (A) with the unsaturated 
monomer (B) Is not especially limited. The unsaturated monomer (A) includes, but Is not limited to, the above-mentioned 
'monomer containing a carboxyl group. 

[0028] A substitutional group expressed by Formula (VI I) below may bond to & nitrogen atom composing thB amide 
group or either the amide or amino group of the unsaturated monomer (B). 

13 

-K-CH a .> n 3-Y 3 -] m3 -R 13 (VII) 

where n 3 represents an Integer from one to six, Y 3 represents -0-, -S-, -NR^-, or -CH 2 -, Ri 4 represents a hydrogen 
20 atom or hydrocarbon having up to five carbons, m 3 represents an integer from zero to six, R 13 , when m 3 *0, represents 
a hydrogen atom, hydrocarbon group having up to five carbons, or Brensted acid residue and, when nv=0, a hydrogen 
atom or hydrocarbon group having up to five carbons. Further, a carboxylic-acid-based resin may be a copolymer of 
the unsaturated monomer (A) with the unsaturated monomer (B) and the above-mentioned comonorner. Note that a 
Bronsted add residue referred In Formula (Vll) is a group liberating a proton such as a carboxyl group, phosphate 
25 group, a phosphite group, sulfonate group, and hydroxyl group. Note that the Brensted acid residue group referred In 
the present Invention Includes a hydrocarbon group having up to fivB carbons and at least one hydrogen atom substi- 
tuted by the above group liberating a proton. 

[0029] One or more than one of these cartaoxyllc-acld-based resins are used as occasion demands. Note that a 
process of producing the carboxyllc-acld-based resin is not especially limited. 

30 [0030] Although It depends on the kinds of the unsaturated aldehyde, reaction conditions, etc., the ratio Df the number 
of nitrogen containing groups and the number of carboxyl groups of & carboxylic-acid-based resin (the number of the 
nitrogen containing groups/the number of carboxyl groups) Is preferably in a range between 1/1000 and 1/1, more 
preferably In a range between 1/100 and 1/1.5(2/3), and most preferably In a range between 1/20 and 1/2, The nitrogen 
containing group referred herein is an amidB group having a structure expressed by Formula (II), (III), or (IV) or amide 

" group residue derived from the unsaturated monomer (3). Neither a ratio smaller than 1/1000 nor a ratio greater than 
1/1 is preferable, because the consecutive reaction (side reaction) of Hie reaction product, namely, hydroxyalkanaf, 
can not be curbed. 

(0031] When the carboxyllc-acld-based resin is a (meta)acryllc acld-(meta)acrylamides copolymer, an amount of 
(meta)acrylannide in the copolymer Is determined In a range between 0.1 percent by mole and 50 percent by mote 
40 depending on the kinds of the unsaturated aldehyde, reaction conditions, etc. Further, when the carboxyllc-acld-basad 
resin is a (meta)acryJic acld-vlnylpyrolidones copolymer, an amount of a vlnylpyrolldonein the copolymer is determined 
In a range between 0,1 percent by mole and 50 percent by mole depending on the kinds of the unsaturated aldehyde, 
reaction conditions. 

[0032] A metal-carrying carboxylic-acid-based resin is preferable to obtain hydroxyalkanal at high selectivity and 
45 yield. Metal referred herein Includes copper, lead, nickel, zinc, iron, cobalt, bismuth, tin, antimony, alkaline earth metal. 
Of all these examples, copper, and in particular, lead are preferable because hydroxyalkanal can be produced at high 
selectivity and yield. 

[0033] Although It depends on the composition of a carboxyllc-acld-based resin, an amount of metal carried by the 
carboxylic-acid-based resin is preferably In a range between 0.001 percent by weight and 10 percent by weight, and 

50 more preferably In a range between Q.01 percent by weight and 5 percent by weight, and most preferably In a range 
between 0.01 percent by weight and 1 percent by weight. A metal carrying amount less than 0.001 percent by weight 
Is not preferable because it Is Insufficient to realize the effect of having the meatal be carried by the resin. A metal 
carrying amount exceeding 1 0 percent by weight is not preferable either because the yield of hydroxyalkanal Is reduced. 
Note that "carrying" referred herein does not specify a particular form, in other words, either a salt or chelate and either 

55 an adsorption, type or Inclusion type will do. Also, either metal ions or metal will do. Examples of metal ions are an 
oxide, a hallde, a sulfldB. 

[0034] A process of having the metal be carried by a carboxyllc-acld-based resin is not especially limited, and any 
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known method is applicable. For example, when load Is to be carried by a carboxyllc-acid-based resin, the carboxylic- 
acld-based resin Is soaked In a solution of a predetermined amount of lead compounds, such as a lead nitrate or lead 
acetate, and stirred under predetermined conditions to perform a cation exchange. Subsequently, the carboxylic-acld- 
based resin Is collected by filtration or the Ilka and rinsed with water 
5 [0035] The carpoxylic-acid-based resin thus obtained Is not necessarily dissolved uniformly In an unsaturated alde- 
hyde solution, and the state of the carboxyllc-acjd-based resin In the unsaturated aldehyde Is not especially limited; 
however, a solid carboxylic-acld-based resin is preferred. A Crossllnklng agent may be used in producing the carboxylic- 
acid-based resin, and neither an adding amount nor the kind thereof is especially limited, 

[0036] The reason why a metal-carrying carboxylic-acld-based rasln exhibits an excellent catalytic action In producing 
10 hydroxyalkanal out of an unsaturated aldehyde is not apparent, but the metal-carrying carboxylic-acld-based resin is 
assumed to curb tha consecutive reaction of the reaction product, namely, hydroxyalkanal. 
[0037] In case that the unsaturated aldehyde Is acrolein, it is preferable to add 1.3-propanediol, which Is derived 
from the object product, namely, 3-hydroxypropanal, to the reaction solution to obtain 3-hydroxypropanal at high se- 
lectivity and yield. An adding amount of 1,3-propanediol with respect to acrolein is preferably in a range between 0,001 
is percent by weight and 1 0 percent by weight, more preferably in a range between 0.01 percent by weight and 5 percent 
by weight, further preferably In a range between 0.1 percent by weight and 2 percent by weight, and most preferably 
about 1 percent by weight. An adding amount' less than 0.001 percent by weight is not preferable because It Is Insufficient 
to realize the effect of adding 1,3-propanediol. An adding amount exceeding 10 percent by weight is not preferable 
either because the yleid of 3-hydroxypropanal is reduced. 
£0 [0038] The reason why adding 1 ,3-propanedlol to the reaction solution brings excellent action and effect In producing 
3-hydroxypropsna! out of acrolein is not apparent, but 1,3-propanBdiol is assumed to bond to a carboxy{jc-acid-based 
resin where the reaction takes place, so that the bonded portion will be masked to some extent, thereby curbing the 
consecutive reaction of the reaction product, namely, 3-hydroxypropanal. 

[0039] A metal-carrying ion exchange resin is not especially limited. Any ion exchange resin which is suitable for the 
25 hydration reaction of an unsaturated aldehyde will do. Metal carried by the ion exchange resin Is not especially limited 
either, but preferred metal js lead. An amount of the Ion exchange resin with respect to the unsaturated aldehyde Is 
not especially limited, and It can be determined depending on the kinds of the unsaturated aldehyde and ion exchange 
resin, A process of producing the Ion exchange resin is not especially limited. 

[0040) Although it depends on the composition of an ion exchange resin, an amount of metal carried by the ion 
30 exchange resin is preferably in a range between 0.0Q1 parcent by weight and 10 percent by weight, more preferably 
In a range between 0.01 percent by weight and 5 percent by weight, and most preferably in a rangB between 0.01 
percent by weight and 1 percent by weight. A metal-carrying amount less than 0.00 1 percent by weight is not preferable 
because It is Insufficient to realize the effect of having the metal be carried by the Ion exchange resin. A metal-carrying 
amount exceeding 10 percent by weight Is not preferable either because the yield of hydroxyalkanal is reduced. 
35 [0041] A process of having the metal be carried by an ion exchange resin is not especially limited, and it can be done 
In the same manner as the metal-carrying carboxylic-acld-based resin. 

[0042] The carboxyllc acid added to the reaction solution In the present Invention as occasion demands Is not es- 
pecially limited, and either a monocarboxylic acid or polycarboxyllc acid will do. Examples of the carboxylic acid are; 
(1) a monocarboxylic add, such as a formic acid, an acetic acid, a (meta)acrylicacid, and (2) a dicarboxyllc acid, such 
40 as an oxalic acid. Of all these examples, a polycarboxyllc acid, in particular, a dicarboxyllc acid, such as oxalic acid, 
is preferable. 

[0043] An adding amount of tho carboxyllc acid to thB reaction solution with respect to the unsaturated aldehyde is, 
although It depends on the kinds of the unsaturated aldehyde and carboxylic acid, etc., preferably in a range between 
0.01 percent by weight and 10 percent by weight, mere preferably In a range between 0 01 percent by weight and 5 
45 percent by weight, and most preferably In a range between O.01 percent by weight and 3 percent by weight. An adding 
amount less than 0.01 percent by weight is not preferable because it Is not sufficient to realize the effect of adding the 
carboxylic acid. An adding amount exceeding 10 percent by weight Is not preferable either because the yield of hy- 
droxyalkanal is reduced. 

[0044) A reaction temperature at which an unsaturated aldehyde is hydratad using a catalyst is not especially limited, 
50 but a preferable range is between 50°C and 25Q P C. In case that acrolein Is used as the unsaturated aldehyde, a 
preferable range is between 60°C and 14G*C. A reaction temperature below 50°C Is not economically preferable be- 
cause a reaction rate is decreased and a hydration reaction takes a long time. A reaction temperature exceeding 25CFC 
is not preferable either because the unsaturated aldehyde triggers a side reaction, such as polymerization, and thus 
reduces the yield of hydroxyalkanal, 
55 [0045] The present Invention can be performed In a batch, semi-batch, or continuous manner, but In any case, a 
closed vessel is preferred for the reaction step. A reaction pressure inside the closed vessel is not especially limited, 
but a preferable range is between 0.1 MPa and 2 MPa. In case that a reaction takes place below a boiling point of the 
unsaturated aldehyde, it is preferable to apply a reaction pressure In a rangB between 0.1 MPa and 0.5 MPa to the 
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reaction vessel by taking a vaporization pressure of the unsaturated aldehyde and other Ingredients Into consideration. 
The above reaction pressure is applied, for example, by filling an Inert gas(N 2 gas. He gas. etc.) into the reaction 
vessel. The higher the reaction pressure, the more the unsaturated aldehyde dissolves in water and the higher the 
yield of hydroxyalkanal becomes. On the other hand, the anti-pressure structure of the reaction vessel must be rein- 
s forced, which increases the size of the vessel undesirably. Thus, when setting a reaction pressure, these factors must 
be taken Into con side ratio n. 

[0046] When tine reaction ends, the abject product, namely, a hydroxyalkanal solution, can be readily obtained by a 
simple separation process, such as filtration and distillation. Further, hydroxyalkanal can be readily separated from the 
solution If so dasired. In case of 3-hydroxyalkanal of hydroxyalkanals, It may exist In the form of a hemiacetal and an 
1Q acetal in the solution, but they can be easily converted into 3-hydroxyalkanal. Likewise, hydroxyalkanal, In the presence 
of alcohol, may exist in the form of a hemiacetal and an acBtal of the corresponding alcohol, but they can be easily 
converted Into hydroxyalkanal. 

[0047] Note that collected water, carboxylic-acld-based resin and Ion exchange resin serving as a catalyst, carboxyllc 
acid, and unreacted unsaturated aldehyde can be used repetitively for the hydration reaction, 
1$ [004B] Hereinafter, the present invention Is Illustrated by the following examples of a preferred embodiment in com- 
parison with comparative examples not according to the invention. However, the present Invention Is not limited to the 
undermentioned examples. Note that a conversion of the unsaturated aldehyde expressed by Formula (I) and the 
selectivity of the resulting hydroxyalkanal are defined as follows: 

(1 ) A conversion of unsaturated aldehyde(%) = (the mole number of consumed unsaturated 
aldehyde/the mole number of supplied unsaturated aldehyde) x 100 



(2) Selectivity of hyrtroxyalkanal(%) ■ (the mole number of unsaturated aldehyde 
converted into hydroxyalkanal/the mole number Of consumed unsaturated aldehyde) X 100 



(3) Selectivity of dimerized hydroxyalkanal (%) = (the mote number of unsaturated aldehyde 
converted into dimerized hydroxyalkanal /the mole number of consumed unsaturated aldehyde) x 100. 

35 [0049] The amounts of the unsaturated aldehyde, hydroxyalkanal, and dimerized hydroxyalkanal are measured in 
any known manner, and gas chromatography (CC), one of known methods, is used in the present invention. 

[FIRST EXAMPLE] 

AO [0050] A predetermined amount of water Is poured Into a reaction vessel equipped with a thermometer, a stirring 
Instrument, and the like, and a predetermined amount of an unsaturated aldehyde, namely, acrolein, is also poured 
Into the reaction vessel, so that the density of the resulting solution is 17 percent by weight, Next, a predetermined 
amount of a catalyst, namely, acrylic acid-acrylamlde copolymer (carboxylic-acld-based resin), is added to the solution. 
The amount of acrylamlde In the acrylic acld-acrylamide copolymer is 5 percent by mole. The above reaction solution 

45 is subject to reaction for three hours with stirring at S0 D C to hydrate acrolein. The reaction conditions are set forth in 
TABLE 1 below. 

[0051] When the reaction ends, the resulting reaction solution Is filtered, and analyzed in a predetermined manner, 
the results of which are set forth below and TABLE 2 below. 

50 (1) conversion of acrolein : 44% 

(2) selectivity of 3-hydroxypropanal : 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 9% 

(4) selectivity of hydroxyalkanal : 66% 
(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[0052] There Is produced a solution containing 8.1 percent py weight of 3-hydroxypropanal and 1.3 percent by weight 
of dimerized 3-hydroxypropanal both obtained as the result of the above hydration reaction. A known raney nickel 
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catalyst is added to the resulting solution to hydroganate 3-hydroxypropanal and dlmerlzed 3-hydroxypropanal. Reac- 
tion conditions are: a hydrogen pressure of 10 MPa, a reaction temperature of 6fPC, and reaction time of six hours. 
When the reaction ends, the resulting solution Is analyzed and It Is acknowledged that there is produced 1 ,3-propanedlol 
in an amount equal to a total of 3-hydroxypropanal and dimerized 3-hydroxypropanaL In other words, 1,3-propanediol 
5 is quantitatively produced. This Indicates that dlmerlzed 3-hydroxypropanal Is converted Into 1 ,3-propanedlol by a 
known hydrage nation process. 

{SECOND EXAMPLE] 

10 [0053] An analysis Is conducted In the same manner as the first example except that lead is carried by acrylic acid- 
aerylamide copolymer serving as the catalyst. 2.5 percent by weight of 1.3-propanedlolwith respect lo acrolein Is added 
to the reaction solution, and the reaction temperature is increased to SQrC. An amount of lead carried by the acrylic 
acld-acrylamlde copolymer is kept equal to or lower than a predetermined level, namely not more than 5 percent by 
weight. The reaction conditions are set forth In TABLE 1 below. 

is [0054] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 51% 

(2) selectivity of 3-hydroxypropanal : 77% 

(3) selectivity of dimerized 3-hydroxypropanal: 15% 
20 (A) selectivity of hydroxyalkanal : 92% 

(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
26 [THIRD EXAMPLE] 

[00551 An analysis Is conducted In the same manner as the second example except that the density of acrolein is 
Increased to 28 percent by weight from 17 percent by weight. The reaction conditions are set forth in TABLE 1 below. 
[0056] The results of the analysis are set forth below and TABLE 2 below. 

36 

(1) conversion of acrolein : 35% 

(2) selectivity of 3-hydroxypropana| : 64% 

(3) selectivity of dimerized 3-bydroxypropanal: 23% 

(4) selectivity of hydroxyalkanal : 87% (total of (3) and (4)) 

35 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FOURTH EXAMPLE) 

to [0057] An analysis is conducted in the same manner as the third example except that the amount of aerylamide in 
the acrylic acid-acrylamlde copolymer Is Increased to 20 percent by mole from 5 percent by mole. The reaction con^ 
dltlons are set forth In TABLE 1 below. 

[0058] The results of the analysis are set forth below and TABLE 2 below. 

45 (1) conversion of acrolein : 56% 

(2) selectivity of 3-hydroxypropanal : 67% 

(3) selectivity of dimerized 3-hydroxypropanal: 12% 

(4) selectivity of hydroxyalkanal : 79% 
{total of (3) and (4)) 

60 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[FIFTH EXAMPLE] 

ss [0059] An analysis is conducted In the same manner as the third example except that acrylic acid-N.N-dimethylBcr- 
ylamidB copolymer is used instead of acrylic acid-acrylamlde copolymer. The amount of N<N-dfmethylacrylamide acid- 
r^N-dimethylacrylamide in the acrylic copolymer is 5 percent by mole. The reaction conditions are set forth in TABLE 
1 below. 
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[0060] The results of the analysis are set forth below and TABLE 2 below, 

(1) conversion of acrolein ; 41% 

(2) selectivity of 3-hydroxypropanat : 60% 

5 (3) selectivity of dimerized 3-hydroxypropanal: 20% 

(4) selectivity of hydroxyalkanal : 80% 
(total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 

w 

(SIXTH EXAMPLE) 

(0061J An analysis is conducted In the same manner as the third example except that acrylic acid-N-isopropylacry- 
lamlde copolymer Is used Instead of acrylic acld-acrytamlde copolymer The amount of hMsopropylacrylamlde In the 
15 acrylic acid-NnsopropyJacrylamide copolymer is 5 percent by molB. The reaction conditions are sat forth in TABLE 1 
below. 

[0062] The results of the analysis are set forth below and TABLE 2 below. 

(1) conversion of acrolein : 42% 

20 (2) selectivity of 3-hydroxypropana| : 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 19% 

(4) selectivity of hydroxyalkanal : 76% 
(total of (3) and (4)) 

25 The C3talyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[SEVENTH EXAMPLE] 

[0063) An analysis Is conducted In the same manner as the third example except that acrylic acia , -N,N«dirnethylaml- 
30 nopropylacrylamide copolymer is used instead of acrylic acid-acrylamlde copolymer. The amount of N,N-dimethylami- 
nopropylacrylamide acid-N.N-dlmethylamlnopropylacrylamlda In the acrylic copolymer is b percent by mole. The re- 
action conditions are set forth in TABLE 1 below. 

[0064] The results of the analysis are set forth below and TABLE 2 below. 

as (1 ) conversion of acrolein ; 46% 

(2) selectivity of 3-hydroxypropanal : 57% 

(3) selectivity of dimerized 3-hydroxypropanal: 18% 

(4) selectivity of hydroxyalkanal : 75% 
(total of (3) and (4)) 

40 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[EIGHTH EXAMPLE] 

45 [0065] An analysis is conducted In the same manner as the third example except that acrylic acid -N,N -diethyl aery- 
lamlde copolymer is used instead of acrylic acid-acrylsmide copolymer. The amount of N.N-dlethylacrytamida in the 
acrylic acid-N,N-dlethy|acrylarnJda copolymer is 5 percent by mole. The reaction conditions are set forth in TABLE 1 
below. 

[0066] The results of the analysis are set forth below and TABLE 2 below. 

50 

(1 ) conversion of acrolein : 58% 

(2) selectivity of 3-hydroxypropanal : 35% 

(3) selectivity of dimerized 3-hydroxypropanal: 12% 

(4) selectivity of hydroxyalkanal : 77% 
55 (total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 



9 



PAGE 36/68 * RCVD AT 2/12/2007 5:23:31 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2f18 * DNIS:273830G * CS1D:281 834 1231 * DURATION (mm-ss):20-40 



FEB-12-2007 MON 04:33 PM EXXONMOBIL 



FAX NO. 281 834 1231 



P. 37/68 



EP 0 713 853 B1 

[NINTH EXAMPLE] 

[0067] An analysis Is conducted In the same manner as the first example except that acrylic acid-N.N-dlmethylaml- 
nopropylacryiamide copolymer is used instead of acrylic acid-acrylemide copolymer, 1 ,3 percent by weight of 1 ,3-pro- 
5 panedlol with respect to acrolein is added to the reaction solution, and a reaction temperature Is Increased to 9Q*C. 
The amount of N.N-dimethyiaminapropylacrylamlde In theacry|]cacid-N,N-dlnnethylamlnopropylacrylarnldecopolymer 
is 5 percent by mole. The reaction conditions are set forth in TABLE 1 below. 
[0068] The results of the analysis are set forth below and TABLE 2 halow. 

10 (1) conversion of acrolein : 30% 

(2) selectivity of 3-hydroxypro panel : 64% 

(3) selectivity of dimerized 3-hydroxypropanal; 16% 

(4) selectivity of hydroxyalkanal : 80% 
(total of (3) and (4)) 

15 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction. 
[TENTH EXAMPLE] 

20 [0069) An analysis Is conducted in the same manner as the first example except that acrylic acld-N-vlnylpyrolldone 
copolymer Is used Instead of acrylic acld-acrylamlde copolymer, and 2.5 percent by weight of 1,3-propanediol with 
respect to acrolein Is added to the reaction solution. The amount of N-vlnylpyrolidone in the acrylic acJd-N- vinyl pyro- 
lidone copolymer is 5 percent by mole. The reaction conditions are set forth In TABLE 1 below. 
[0070] The results of the analysis are set forth below and TABLE 2 below. 

25 

(1) conversion Df acrolein ; 25% 

(2) setectlvlty of 3-hydroxypropanal : 71% 

(3) selectivity of dimerized 3-hydroxypropanal: 3% 

(4) selectivity of hydroxyalkanal : 79% 
30 (total of (3) and (4)) 

The catalyst used herein renders excellent heat resistance and can be used repetitively for the hydration reaction- 

[ELEVENTH EXAMPLE) 

35 

[0071] An analysis is conducted in the same manner as the tenth example except that the density of acrolein Is 
Increased to 28 percent by weight from 17 percent by weight. The reaction conditions are set forth In TABLE 1 below. 
[0072] The results of the analysis are set forth below and TABLE 2 below. 

40 (1) conversion of acrolein ; 17% 

(2) selectivity of 3-hydroxypropanal : 65% 

(3) selectivity of dimerized 3-hydroxypropanal; 9% 

(4) selectivity of hydroxyalkanal : 74% 
(total of (3) and (4)) 

45 

The catalyst used herein renders excellent heat resistance and can be used repetitively for thB hydration reaction. 
[FIRST COMPARATIVE EXAMPLE] 

so [0073] An analysis is conducted In the same manner as the second example except that an aluminium-carrying ion 
exchange resin is used instead of the lead-carrying acrylic acid-acrylamide copolymer, the reaction temperature Is 
lowered to 70°C ( and no 1,3-propanedlol is added to the reaction solution. Duollte C467, namely, "Puolite" of Rohm & 
Haas Co., is usad as the jon exchange resin, and an amount of lead carried by the resin is kept equal to or lower than 
a predetermined level, namely, not more than 5 percent by weight. The reaction conditions are set forth in TABLE 1 

ss below. 

[0074] The results of the analysis are set forth below and TABLE 2 below. 
(1) conversion of acrolein : 44% 
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(2) selectivity of 3-hydroxy prop anal : 46% 

(3) selectivity of dlmeriied 3-hydroxypropanaJ: 5% 

(4) selectivity of hydroxyalkanal : 51% 
(total of (3) and (4)) 

The catalyst used herein rendBre poor heat resistance and can not be used repetitively for the hydration reaction. 



TABLE 1 
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ACROLEIN 

DENSITY 

(%WT) 


CARBOXYLIC-ACID- 
BASED RESIN 
(COPOLYMER) 


TEMP, 

t°cj 


TIME 
(HR) 


1.3-PROPANE 
-DIOL (%WT) 


AMOUNT 
OF Pb 
<%WT) 


15 


ex. 1 


17 


A-ACRYLAMIDE 

(ACRYLAMIDE 

5%MOL) 


80 


3 


... 






EX. 2 


17 


A-ACRYL AMIDE 

(ACRYLAMIDE 

5%MGL) 


90 


3 


2.5 


5 OR 
LESS 


20 


EX.3 


28 


A-ACRYLAMIDE 

(ACRYLAMIDE 

5%MOL) 


90 
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2.5 


5 OR 
LESS 


25 


EX.4 


28 


A-ACRYLAMIDE 

(ACRYLAMIDE 

20%MOL) 


00 
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2.5 


5 OR 
LESS 


■ 20 


EX. 5 


28 


A-N,N-D|METHYL 
ACRYLAMIDE (N.N- 
Dl METHYL 

ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


3ii 
40 


EX.6 


23 


A-N-JSOPROPYL 
ACRYLAMIDE (N- 
ISOPROPYL- 
ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


EX.7 


23 


A-N.N-DIMETHYL 
AMINOPROPYL 
ACRYLAMIDE (N,N- 
DIMETHYL AMINO- 
PROPYLACRYLAMIDE 
5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


4$ 


EX. 8 


28 


A-N.N-DIETHYL 
ACRYLAMIDE (N,N- 
DIETHYL- 

ACRYLAMIDE 5%MOL) 


90 


3 


2.5 


5 OR 
LESS 


50 


EX. 9 


17 


A-N.N-DIMETHYL- 

AMINOPROPYL 

ACRYLAMIDE (N,N- 

DIMETHYLAJvUNO- 

PROPYLACRYLAMIDE 

5%MOL) 


90 


3 


1.3 




55 


EX.10 


17 


A-N-VINYL- 
PYROLIDONE (N- 
VINYLPYROLIDONE 
5%MOL) 


60 


3 


2.5 
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TABLE 1 (continued) 
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ACROLEIN 

DENSITY 

(%WT) 


CARBOXYLIC-ACID- 
BASED RESIN 
(COPOLYMER) 


TEMP. 
(°C) 


TIME 
{HR) 


1 ,3-PROPANE 
-DIOL (%WT) 


AMOUNT 
OF Pb 
(%WT) 


10 


ex.17 


28 


A-N-VINYL- 

PYROLIDONE (N- 

VINYLPYROLIDONE 

5%MOL) 


60 
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COMPARATIVE 
EX. 1 
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70 
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Al 5 OR 
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[0075] TABLE 2, reveals that using a carooxyllc-acld-based resin having a nitrogen containing group as a catalyst 
can Increase the reaction rate by heating while curbing the consecutive reaction of the reaction product, namely, 3-hy- 
droxypropanat. Thus, 3-hydroxypropanal can be produced at high selectivity and yield out of a high-density acrolein 
solution. In addition, the catalyst retains excellent heat resistance and can be used repetitively. 

[TWELFTH EXAMPLE] 

[0076] A predetermined amount of water Is poured Into a reaction vassal equipped with a thermometer, a stirring 
Instrument, and the like, and a predetermined amount of acrolein Is also poured into the reaction vessel, so that the 

10 density of the resulting solution Is 1 7 percent by weight. Also, a predetermined amount of fead-carrylng Ion exchange 
resin and 2.5 perceht by weight of a carboxyllc acid, namely, an oxalic acid, with respect to acrolein are added to the 
above solution. "Duollte" of Rohm A Haas Co., is used as the Ion exchange resin, and an amount of lead carried by 
the resin is kept equal to or lower than a predetermined level, namely, not more than 5 percent by weight. 
[0077] The above reaction solution is subject to reaction for two hours with stirring at 60°C to hydrate acrolein. When 

15 the reaction ends, the resulting reaction solution )S filtered, and analyzed in a predetermined manner, the results of 
which are set forth below. 

(1) conversion of acrolein : 53% 

(2) selectivity of 3-hydroxypropanal : 85% 

20 (3) selectivity of dimerized 3-hydroxypropanaf : 13% 

(4) selectivity of hydroxyalkanal : 98% 
(total of (3) and (4)) 

[THIRTEENTH EXAMPLE] 

25 

[0078] An analysis is conducted In the same manner as the twelfth example except that the density of acrolein is 
increased to 29 percent by weight from 17 percent by weight, and the reaction time Is Increased to three hours, the 
result of which are set forth below. 

30 (1) conversion of acrolein : 65% 

(2) selectivity of 3-hydroxypropanal : 40% 

(3) selectivity of dimerized 3-hydroxypropanal : 14% 

(4) selectivity of hydroxyalkanal : 54% 
(total of (3) and (4)) 

35 

[SECOND COMPARATiVE EXAMPLE] 

[0079] An analysis Is conducted in the same manneras trie twelfth-fifth example exceptthat acarboxyilcacid, nameJy, 
an oxalic acid, is omitted, the results Df which are set forth below. 

40 

(1 ) conversion of acrolein : 55% 

(2) selectivity of 3-hydroxypropanal : 79% 

(3) selectivity of dimerized 3-hydroxypropanaf: 10% 

(4) selectivity of hydroxyalkanal : 89% 
45 (total of (3) and (4)) 

Hera, the conversion of acrolein Is low and an abundance of products are produced as a result of the consecutive 
reaction of 3-hydroxypropanal. 

[0080] The results of the twelfth and thirteenth examples reveal that, when a catalyst is a lead-carrying Ion exchange 
so resin and an oxalic acid Is added to the reaction solution, not only an industrially advantageous short-time conversion 
of acrolein can be improved, but also the consecutive reaction of the reaction product, namely. 3-hydroxypropanal. Is 
curbed. Thus, 3-hydroxypropanal can be produced at hJgh selectivity and yield out of a high-density acrolein solution. 



55 Claims 

1. A process of producing a hydroxyalkanal comprising hydratlng an unsaturated aldehyde of the general formula 
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R 

I 

H,C=CCHO (i) 



in which R is a hydrogen atom or a hydrocarbon group having up to five carbon atoms, In solution In the 
presence of a carboxylic acid-based resin containing at laast one substituent group selected from thosa of the 
general formulae 



15 



f-CH.-J^-C^N- [- (-CH 2 -) aL -y : -]^-R 2 (II) 
O R, 



In which each of R t and R 2 is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or -(- 
Ch V) P r x r aacn of p 1( and m t is zero or an Intager from one to six, n t Is an integer from one to six, Is 
one of-O, -S- and -NR 3 -, R 3 )s a hydrogen atom or a hydrocarbon group having up to five carbon atoms 3nd 
a> X represents the carboxylic acid-based resin main body; 



25 



50 



55 



X- (-CH^J^N — — — - — C = O (III) 

I 1 



In which each of R 4 and R s Is a hydrogen atom or a hydrocarbon group having up to five carbon atoms, kg is 
zero or an integer from ope to six, q-, is an Integer from three to six, and X represents the carboxylic acid- 
30 based resin main body; 

X- (-CH 2 -) k3 -N-C-R 7 ( IV ) 

35 R 6 O • 

in which R 8 Is a hydrogen atom, a hydrocarbon group having up to five carbon atoms or -(-CH^-^-x, p 2 is 
zero or an integer from one to six, R 7 is a hydrocarbon group having up to five carbon atoms or -(-CH 2 -)p3-X, 
each of p a and k a Is zero or an integer from one to six, and X represents the carboxylic acid-based resin main 
40 DOa "y. and whBrein the ratio of carboxyl groups to nitrogen containing groups In the carboxylic acid-based resin 

ranges from 1 h 000 to 1 /1 . 

2. A process according to claim 1 in which the carboxylic acid-based resin is a copolymer of an unsaturated monomer 
(A) containing a carboxyl group and an unsaturated monomer (B) containing an amide group or both an amino 

<*s and an amide group. 

3, A process according to claim 2, whBrein the nitrogen atom of the amino group and/or amide group of the unsaturated 
monomer (3) carries a subsMuent group of the general formula 



■H-CH 2 -) n3 -Y3-] m3 -R 13 (VII) 

lh which n 3 is an Integer from one to six, Y 3 is one of -0-, -S-, -NR 14 - and -CH 2 -, R 14 is a hydrogen atom or a 
hydrocarbon having up to five carbon atoms, m 3 Is zero or an Integer from one to six and R 13 is a hydrogan atom, 
a hydrocarbon group having up to five carbon atoms or a Brcnsted acid residue when m 3 * 0, or Is a hydrogen 
atom or a hydrocarbon group having up to five carbon atoms when rr^ = 0. 
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4. A process according to any one of claims 1 10 3, wherein the carboxylic acfd-basad resin carries at least one metal 

5. A process according to claim 4, wherein the metal (s selected from copper, Ie3d, nickel, zinc, Iron, cobalt, bismuth, 
tin, antimony and alkaline earth metals, 

6. A process according to cfaim 4 or claim 5, wherein the amount of metal carried by the carboxylic acid-based resin 
is from 0.001 to 10 percent by weight. 

7. A process according to any one of claims 1 to 6, wherein the carboxylic acid-based resin Is a (meth)acryllc acid- 
10 based resin. 

8. A process according to claim 7, wherein the (meth)acrylic acid-based resin Is selected from (meth)acrylic acid- 
(meth)acrylamlde copolymers and (mBth)acryllc acid- vlnylpyrrolidone copolymers. 

15 9. A process according to claim 1 In which the carboxylic acid based resin is a metal-carrying ion exchange resin. 

10. A process according to claim 9, wherein an amount of metat carried by the ion exchange resin is from 0.001 to 10 
percent by weight. 

» 11. A process according to claim 10. wherein the metal is Jead. 

12. A process according to any ona of claims 1 to 11 , wherein hydration ig carried out at a temparature from 50 to 250°C. 

13. A process according to any one of claims 1 to 12. wherein hydration is carried out under a pressure from 0.1 to 2 
25 MPa. 

14. A process according to any one of claims 1 to 13, wherein the density of the unsaturated aldehyde solution is from 
5 percent by weight to saturation. 

30 15. A process according to any one of claims 1 to 14, whareln unsaturated aldehyde is selected from acrolein, meth- 
acroleln. 2-formyl-1 -butane, 2-formyM-pemene, 2-formyM-hexene and 2-formyM -heptane. 
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16. A process according to claim 15. wherein the unsaturated aldehyde is acrolein and wherein hydration Is carried 
out at a temperature from 50 to 140°C. 

17. A process according to claim 16, carried out in the presence of 1,3-propanediol. 

18. A process according claim 17, wherein the solution contains from 0.001 to 10 percent by weight 1 ,3-propanedioi 
with respect to acrolein. 

40 

19. A catalyst for use in a process according to any one of claims 2 to 8 and 12 to 18, comprising a carboxylic acjd- 
based resin of a copolymer of an unsaturated monomer (A) containing a carboxyl group with an unsaturated mon- 
omer (B) containing an amfde group or both an amide and an amino group. 

is 20. A catalyst according to claim 19. having the features specified In any one of claims 3 to 10. 
PatentansprOche 

so i. verfahren zur Herstellung elnes Hydroxyaldehyds, bei dam eln ungesattlgter Aldehyd der allgemeinen Formel 

R 

55 H 2 C * CCHO UJ 

in der R fQr eln Wassarstoffatorn Oder eine Kohlenwasserstoffgruppe mlt bis zu fOnf Kohlenstoffatomen stent, 
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In Lfisung in Gegenwart elnoa Harzes auf Cafbonsaurebaels hydratisiert wird, welches mindestens elnan Sub- 
stituanien ausgewahlt aus solchen der allgemeinen Formaln 



X-I-CH^hc^C-N-H-CHHnl-Yi-lmi-Ra 



In der R 1 und R 2 Jewells fur ein Wasserstoffatom, erne Kohlenwasserstoffgruppe mil bis zu funf Kohfenstoff- 
atomenodeH-CH 2 -) pr X stehen, P v k, und m, jeweils fur Null oder alna ganze 2ahl van 1 bis 6, ^ fOrelne 
ganze Zahl von 1 b|s 6, Y 1 fur -0-, -S- Oder -NR 3 -, R 3 fur ein Wasserstoffatom oder eine Kohlenwasserstoff- 
gruppe mit bis Zu funf KohlenstofTatomen und X fur dem Grundkorper des Harzes auf Carbonsaurebasis stehen , 



X-(~CHa-) Ic2 -N C f= 0 

(III) 



ln der R 4 und R s Jewells fur ©In Wasserstoffatom oder eine Kohlenwasserstoffgruppe mit bis zu funf Kohfen- 
25 stoffatomen, k 2 fur Null oder eine ganze Zahl von i bis 6, q 1 fOr aine ganze Zahl von 3 bis 6 und X fQr dan 

Grundkorper des Harzes auf Carbonsaurabasls stehen, und 

In dar R 6 fur ain Wasserstoffatom, eine Kohlenwasserstoffgruppe mit bis zu funf Kohlenstoffatoman oder 
35 CH r ) pr X steht, p 2 ftr Null oder alna ganze Zahl von 1 bis 6, R 7 fur alna Kohlenwasserstoffgruppe mit bis zu 

funf Kohlenstoffatomen Oder -(-CH^pa-X, p 3 und k 3 Jewells fur Null oder elnB ganza Zahl von 1 bis 6 und X 
fOr den Grundkorper des Harzes auf Carbonsaurebasis stahan, enthalt, und wobei das Verhaltnls von Car- 
boxylgruppen zu Stlckstoff enthaltenden Gruppen In dem Harz auf Carbonsaurebasis Im Berelch von 1/1 .000 
bis 1/1 llegt. 
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2. Verfahren nach Anspruch 1, bel dem das Harz auf Carbonsaurebasis ein Copolymer eines ungesattigten Mono- 
mers (A), das eine CarboxylgruppB enthalt, und elnes ungesattigten Monomers (B), das eine Amldgruppe oder 
sowohl alne Amlnogruppa als auch eine Amldgruppe enthalt, ist. 

3. Verfahran nach Anspruch 2, be] dam das Sllcksloffatom dar Aminogruppo und/oder der Amidgruppe das unge- 
sattigten Monomers (B) elnen Substituenten der allgemeinen Formal 

-H-CH 2 -) n3 -Y 3 -] nia -R 1 3 (VII) 



trSgt, In der n 3 fQr eine ganze Zahl von 1 bis 6, Y 3 fQr -0-, -S-. -NR 14 - oder ^CH r , R 14 fQr ein Wasserstoffatom 
oder sine Kohlenwasserstoffgruppe mit bis zu fiinf Kohlenstoffatoman und m 3 far Null oder eine ganze Zahl von 
1 bis 6 stehen und R 13 fur ein Wasserstoffatom, sine Kohlenwaaserstoffgruppe mit bis zu fOnf Kohlenstoffatomen 
oder elnon Bnaneted-Saurerest staht, wenn m 3 * o gilt bzw. ftir ein Wasserstoffatom odor eine Kohlenwasserstoff- 
& gruppe mit bis zu fiinf Kohlenstoffatomen steht, wenn m 3 = 0 gilt. 

4, Verfahren nach einem der Anspruche 1 bis 3 f bel dem das Harz auf Carbonsaurebasis mindestens ein Matali trSgt. 
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5. Verfahren nach Anspruch 4, bei dem das Metall ausgewahlt wird aus Kupfer, Blei, Nickel, 2ink. Eisen, Kobalt 
Bismuth, Zlnn, Antimon und Erdalkallmetallen. 

6. Verfahren nach Anspruch 4 oder Anspruch 5. bel dem die Menga an an dam Hart auf Carbonsaurehasls gebun- 
denen Metall lm Barelch von 0,001 bis 10 Gew.»% Kegt. 

7. Verfahren nach elnem der Anspriiche 1 bis 6, bal dem das Harz auf Carbonsaurebgsls ein Harz auf (Meth-)Acryl- 
saurebasis ist. 

6. Verfahren nach Anspruch 7, bel dem das Harz auf (Math-)Acrylsaureba6ls airsgewahltwird aus (Meth-)Acrylsaure- 
(Mem-)Acrylamid-Copolymeren U r\6 (Meth-)Acrylsaure-VinyJpyrro(idDn-CDpolymeren, 

9. Verfahren nach Anspruch 1 , bei dem das Harz auf Carbcnsaurebasis ein metaUtragendes lonenaustauscherharz 
let. 

10. Verfahren nach Anspruch 9, bel dem die Mange an an dem lonenaustauscherharz gebundenen Metall im Bereich 
von 0,001 bis 10 Gew.-% Hegt. 

11. Verfahren nach Anspruch 10, bei dem das Metall Blel Ist. 

12. Verfahren nach einem der Anspriiche 1 bis 11, bel dem die Hydratlsierung bei einer Temperatur von 50 bis 250 
°C durchgefiihrt wlrd. 

13. Verfahren nach elnem der Ansprtlche 1 bis 12, bel dem die Hydratjsterung unterelnem Druck von 0,1 bis 2 MPa 
25 durchgefiihrt wird. 

14. Verfahren nach einem der Anspriiche 1 bis 13, bel dem die Konzentration derLosung des ungesattlgten Aldehyds 
zwischen 5 Gaw.-% und Sattigung liegt. 

30 is. Verfahren nach einem der Anspriiche 1 bis 14, bei dam der ungesaltlgte Aldehyd ausgawahlt wlrd aue Acrolein, 
Methacrolejn, 2-Formylbut-1-en, 2-Formylpent-1-en, 2.Formylhex-l-en und 2-FormylhepM-en. 

16. Verfahren nach Anspruch 15 r bel dem der ungesattigte Aldehyd Acrolein Ist und bel dem die Hydratisierung bal 
einer Temperatur von 50 bis 140 °C durchgefuhrt wlrd. 
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17. Verfahren nach Anspruch 16. das In Gegenwart von Propan-1,3-diol eusgefuhrt wird. 

18. Verfahren nach Anspruch 17, bel dem die Lbsung bezogen auf das Acrolein 0.001 bis 10 Gew.-% Propan-1 ,3-diol 
enthSlt. 

19. Katalysator2ur Verwendung In elnem Verfahren nach elnem der Anspriiche 2 bis 8 und 12 bis 18, der mtndestens 
ein Harz auf Carbonsaurebasls elnes Copolymers sines ungesattigten Monomers (A), das eine Carboxylgruppe 
enthait, mit einem ungesattigten Monomer (B), das eine Amidgruppe oder Bowohl eine Amfdgruppe als auch eine 
Aminogruppa enthalt, umfasst. 

20. Katafysator nach Anspruch 19, der die in einem der Anspruche 3 bis 10 angegebenen Merkmale besitzt 
Revendleatlons 

1. Precede de production d'hydroxyalcanal, comprenant i'hydratatlon d'un aldehyde insature de formule generals : 

> 

? 

H 2 C-CCHO • - • < I J 

dans laquelle R repr6sante un atome cTiydragene ou un groupe hydrocarbone ayant Jusqu'a 5 atomes de 
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carbone, en solution en presence d'une raslna & base d'Hclda carboxylique, contenant au moins un groupe 
de substitution cholsl parml ceux de formulas generates : 



(id 



*° ou chacun de R 1 et R 2 ©st un atome d'hydrogene, un groupe hydrocarbone ayant Jusqu'a 5 atomes de carbon© 

ou -(-CH 2 -) pr X, chacun de p 1( et vaut zero ou est un entler dB 1 a 6, ^ est un antler de 1 a 6. V, est 
Tun de -O-, -S- et-NR 3 - 1 R 3 est un atoms d'hydrogene ou un groups hydrocarbone ayant jusqu'a 5 atomes 
da carbone, et X rapresente le corps principal da la raslna a base d'acide carboxylique ; 

15 

X-f-CHj-4— N C=0 

* ^ i ■ • ' ... (Ill) 
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ou chacun de R 4 at R 5 est un atome d'hydrogene ou un groupe hydrocarbone ayant jusqu'a 5 atomes de 
carbone, k 2 vaut 0 ou est un entler da 1 a 6, q 1 est un entler de 3 a 6, et X represent© lo corps principal de la 
reslne a base d'acide carboxylique ; 

X— (-CHj4-N— C— R 7 

K /ka I II - ■ • (IV) 

R, O 

ou R<j est un atome d'hydrogene, un groupe hydrocarbone ayant jusqu'a 5 atones da carbone, ou -(-CH r )pr 
X, p 2 vaut 0 ou est un entler de 1 a 6, R 7 est un groupe hydrocarbons' ayant Jusqu'a 5 atomes de carbone ou 
-^CH a -)p 3 -X, chacun da p 3 et k 3 vaut 0 ou est un entier de 1 a 6, et X represents le corps principal de la raslna 
a base d'acide carboxylique, 

le rapport das groupes carboxyle aux groupes azotes dans la reslne a base d'acide carboxylique etant sltue dans 
la plage allant da 1/1000 a 1/1. 

2. Procode selon la revendicatlon 1 , dans lequel la reslne a base d'acide carboxylique est un copolymere d'un mo- 
nomere insature (A) contenant un groupe carboxyle et d'un monomere Insature (B) contenant un groupe amide 
ou tant un groupe amino qu'un groupe amide. 

3. Precede salon la revendlcation 2, dans lequel I'atome d'azote du groupe amino et/ou du groupe amide du mono- 
mere insature (B) ports un group© substituant de formula generate : 

-ff- CH ^ Y ^ R .3 ... (VII) 

dans laquello n 3 est un entler de 1 a 5, Y 3 ast I'un da -0-, -S-, -NR 14 - et -CH r> R 14 est un atoms d'hydrogene ou 
un hydrocarbure ayant Jusqu'a 5 atomes de carbone, m3 vaut 0 ou est un entler de 1 a 6. et R 13 est un atome 
d'hydrogene, un groupe hydrocarbone ayant jusqu'a 5 atomes de carbone ou un residu d'acide da Bronsted quand 
m 3 ± 0, ou blen est un atome d'hydrogdme ou un groups hydrocarbone ayant Jusqu'a 5 atomes de carbone quand 
m 3 = 0. 

4. Proced6 selon I'une quelconque des revendications 1 a 3, dans lequel la reslne a base d'acide carboxylique com- 
parte au moins un metal. 
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5. Procede selon la revendicatlon 4, dans lequel le metal est choisi parmi le cuivre, le plomb. le nickel, le zinc, fe far, 
le cobalt, la bismuth, retain, I'antimoine et les metaux alcallno-terreux. 

6. Procede selon la revendicatlon 4 ou la revendjcatjon 5, dans lequel la quanlltd de metal presente dans la resine 
5 a base decide carboxylique est de 0,001 a 10 % en pofds. 

7. Proc6de selon Tune quelconque dee revendlcatlons 1 a 6, dans lequel la resine a base d'acide carboxylique est 
une resine a base d'aclde (meth)acrylique. 

io 8, Procede selon la revendication 7, dans lequal la resine a base d'aclde {meth)acrylique est choisls parml les co- 
polymers aclde <meth)acryllque/(mfith)acrylamlde et les copolymers acide (meth)acrylique/vlnylpyrralidone. 

9. Procede selon la revendicatlon 1, dans lequel la resine a base d'acide carboxylique est une resine echangeuse 
d'ions comportant un metal. 

15 

10. Precede selon la revendlcation 9, dans lequel la quantlte de metal presente dans la resine echangeuse d'ions est 
de 0,001 a 10 % en polds. 

11. Procede ss-lon la revendjcation 10, dans lequel Is metal eat le plomb. 

20 

1 2. Procede selon I'une quelconque des revendlcatlons 1 a 11 . dans lequel I'hydratatlon est realises a una temperature 
de 50a250°C. 

13. Procede selon I'une quelconque des revendlcatlons 1 a 12, dans lequel J'hydratation estreallsee sous une pression 
25 de0,1 a2MPa. 

14. Procede selon I'une quelconque des revendlcatlons 1 a 13, dans lequel la concentration de la solution d'aldehyde 
Insature va de 6 % en polds a la saturation. 

so 15. Procede selon I'une quelconque des revenclicatlens 1 a 14, dans lequel Tald6hyde insature est choisi parml I'acro- 
leine, la methacrolalne, Je 2-formyM-butene, le 2-formyM-pentene, le 2-formyM-hexene et le 2-formyl-1-heptene. 

16. Procede sejon la revendicatlon 15, dans lequel Taldehyde Insature est ['acroleins et Thy d natation est realise a une 
temperature de 50 a 140°C. 

32 

17. Procede selon la revendication 16, realise en presence de 1,3-propanediol. 

18. Procede selon la revendication 17, dans lequel la solution contient de 0,001 a 10 % en pofds de 1,3-propanedlal 
par rapport a I'acrolelne. 

40 

10. Catalyseur a utiliser dans un procede selon I'une quelconque das revendlcatlons 2 a 8 eM2 a 1B, comprenant 
une resine a base d'acide carboxyJIqua en un copolymere d'un monomere insature (A) contenant un graupe car- 
boxyle et d'un monomere insature* (S) contenant un groups amide ou tant un groups amide qu'un groupa amino. 

4$ 20. Catalyseur selon la revendicatlon 19, ayant les caracteristiques specrfees dans I'une quelconquB des revendlca- 
tlons 3 a 10. 



50 



55 



20 



PAGE 17/68 » RCVD AT 2/12/2007 5:23:31 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/18* DNIS:2738300 * CSID:281 834 1231 * DURATION (rnm-ss):2040 



